Introduction
Blunt cardiac injury (BCI) ranges in presentation from myocardial bruising to chamber rupture. The frequency of BCI is 20% across this spectrum in motor vehicle collision fatalities [1, 2] . In clinical and autopsy series, the incidence of right atrial free wall rupture among BCI varies from 8 to 65% and 10-15%, respectively [1] . However, BCI with rupture represents < 2% of hospital admissions, underscoring the high risk of death at the scene [3] . Though the mortality of patients arriving alive to the hospital is reported up to 89%, increased survival is associated with rupture of a low-pressure chamber or coronary vein [1, 4] .
Cardiopulmonary bypass (CPB) is uncommonly utilized in the setting of trauma, though successful outcomes have been described in the adult and pediatric literature with possible initiation in the emergency department [5, 6] . CPB for surgical repair of cardiac injuries is historically reported in approximately 10% of cases and is employed based on surgeon judgment and the complexity of the lesion [5, 7] . We present an interesting case of emergency department initiation of CPB with subsequent repair of right atrial rupture.
Case
A 20-year-old female presented to the emergency department as a transfer patient from an outside facility with a diagnosis of pericardial effusion following a motor-vehicle collision. Upon initial evaluation, she was awake with stable vital signs, though drowsy and combative. A pericardial effusion was visualized on FAST (focused assessment with sonography in trauma) ultrasound. No signs of tension pneumothorax or tamponade were observed. Upon intubation the patient became hemodynamically unstable, and the decision was made to enter the chest via left thoracotomy. There was an immediate rush of blood following incision of the pericardium. Cardiac massage was initiated. Because of poor visualization, the incision was extended across the sternum to include right thoracotomy (clamshell). The source of bleeding was identified as a right atrial rupture at the atriovenrticular groove just medial to the auricle. Temporary control was achieved by manual compression over the injury, and cardiac massage was continued. Due to the size and location of the atrial injury, use of CPB was required. A heart-lung machine was transported into the trauma bay. The patient was systemically heparinized, and cannulas were placed in the left femoral vein and ascending aorta. After initiation of CPB, the patient was systemically cooled to 24°C. With the heart fibrillating, the right atrial tear was repaired with a running 4-0 prolene suture with careful attention to avoid the course of the right coronary artery. Following rewarming, the patient was defibrillated and weaned from cardiopulmonary bypass without difficulty.
Discussion
BCI with rupture approaches universal fatality. For patients who survive to hospital presentation, identification may remain a diagnostic dilemma as few clinical signs or symptoms are specific within the spectrum of injury [1] . Chest pain, head injury, and rib fractures are most commonly associated [1] . Volumes of hemopericardium < 200 mL may remain asymptomatic and absent of the classic findings of tamponade [1] . In the present case, suspicion for cardiac injury was raised by pericardial effusion identified on emergency department ultrasound with associated loss of aortopulmonary window and pulmonary contusions identified on chest radiography (Fig. 1) . Given the absence of hemodynamic instability and tamponade physiology, the decision was made to perform endotracheal intubation for inability to maintain airway protection. Upon induction, worsening bradycardia with hypotension was noted and the decision was made to enter the left chest in the trauma bay, revealing tense pericardium.
Surgical approaches for exposure of possible cardiac and great vessel injury include left thoracotomy, right thoracotomy (alone or extension clamshell), and median sternotomy [8] . Onan et al. suggest that surgical incision should be made on the basis of mechanism and clinical suspicion, advocating lateral thoracotomy with possible extension in the unstable patient [9] . In that study, median sternotomy was performed in approximately 10% of cases which were clinically stable prior to surgery with likely diagnosis of isolated cardiac injury [9] . However, median sternotomy has also been cited as the incision of choice in BCI with rupture for severalfold rationale: best cardiac exposure, extension of prior subxiphoid incision (prior percutaneous drainage), possible extension for intraabdominal exploration/procedures, and exposure for CPB in complex cases [3] . Emergency department pericardiocentesis for tamponade is an alternative bridge to the operating room and is well reported in the literature [3, 8] . In this case, pericardial entry revealed brisk bleeding, and lateral thoracotomy was immediately extended to clamshell for improved exposure.
The right atrial appendage is the most common site of free wall rupture, owing to its thin wall and anterior position [1] . Two mechanisms are most commonly implicated: deceleration and torsion about a fixed point (i.e., tear at the right atrial-caval junction) or sudden compression (hydraulic effect) of the right atrium via chest wall or spinal concussion [1] . The present case demonstrated a large laceration of the right atrium at the level of the right atrial appendage along the atrioventricular groove. Given the location, this injury was most consistent with the latter mechanism of sudden compression in the context of high-speed motor vehicle collision impact. Due to the complexity and location of the injury, CPB was necessary for repair.
The use of CPB in the setting of trauma has been described since the 1990s. However, current emergency department initiation of CPB is selective and more typical of non-traumatic cardiac arrest, cardiotoxic drug ingestion, and accidental hypothermia [5] . CPB for surgical repair of cardiac trauma has been reported in approximately 10% of cases [7] . Although repair of intracardiac lesions necessitates its use, application in free wall rupture is based on surgical judgment and complexity of the lesion [2, 9] . Hendel and 
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Trauma Case Reports 12 (2017) [1] [2] [3] Grant recommend CPB utilization for the following indications: massive bleeding with release of tamponade or need for considerable manipulation with risk for circulatory compromise [10] . In the present case, the large size of the atrial injury prohibited simultaneous hemostasis and repair in the absence of CPB. Cannulas were placed in the ascending aorta and femoral vein for initiation of CPB. Operating room resources were mobilized to the trauma bay and repair was carried out with running 4-0 prolene suture. Coordination of care is essential to this and similar scenarios in which either multiple services or mass casualty triage is requisite. By improving communication between providers, Klein and Weigelt decreased the number of physicians involved and increased efficiency in polytrauma triage [11] . Given the need for hierarchical decision-making, surgeons represent integral members in guidance of the emergency team and effective triage processes. This case underscores the need for a "flight control tower" in the coordination of a successful outcome in which a multidisciplinary approach is required.
The present case demonstrates a unique application of CPB in the setting of BCI rupture repair in the emergency department of a tertiary facility. CPB should be considered within algorithms for bridge to definitive treatment of BCI with rupture at appropriate centers.
